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(54) Body fat monitoring system and method employing terminal 



(57) A system and method measures a parameter 
of body fat using body fat monitoring circuitry provided 
with a mobile communications device or device cover. 
A mobile terminal device (1 00) includes a housing sup- 
porting a display (1 06), a processor, and a user interface 
(104) for facilitating user interaction with the mobile ter- 
minal device. Body fat monitoring circuitry (110) of the 
mobile terminal device includes a tactile Interface (112) 



supported by one or both of the housing and a cover of 
the housing. The monitoring circuitry communicates 
monitoring signals to a portion of a user's body via the 
tactile interface. The processor (1 02) computes a resist- 
ance to the communication of the monitoring signals and 
computes the user's body fat parameter using the com- 
puted resistance. An acceleration sensor (114) may be 
included to provide various pedometer functions. 
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EP 1 374 766 A1 

Description 

[0001 ] The present invention relates generally to communication of user information via a mobile terminal and, more 
particularly, to systems and methods for measuring physiological conditions of a user via monitoring circuitry provided 

s in a mobile terminal or a cover of a mobile terminal. 

[0002] Weight management through reduction of excess body fat plays a vital role in maintaining good health and 
fighting disease. Medical evidence has shown that excess body fat poses a major threat to health and longevity. Excess 
body fat is linked to major physical threats, such as heart disease, cancer, and diabetes. A certain amount of fat, 
however, is essential to bodily functions. Fat regulates body temperature, cushions and insulates organs and tissues, 

10 and is the main form of the body's energy storage. 

[0003] Weight alone is not a clear indicator of good health, because it does not distinguish between pounds that 
come from body fat and those that come from lean body mass or muscle. Various body fat measuring devices have 
been developed to better quantify the amount of body fat as a percentage of total body mass. Although many of these 
devices provide accurate body fat measurements, such devices tend to be expensive and offer limited functionality 

15 beyond a basic measuring capability. 

[0004] As contemporary lifestyles have become increasingly fast-paced and complicated, the number of personal 
electronic devices carried on the person has increased. It is not uncommon for an individual to cany a cellular phone, 
a PDA, some form of calculator, a pager, and a portable personal medical device, such as a body fat measuring device, 
heart rate monitor or pedometer, for example. The inconvenience of physically transporting and accounting for such 

20 devices often results in eliminating certain devices from one's personal inventory of devices. In many cases, personal 
medical devices, such as body fat monitoring devices, which can enhance exercise regimens and provide motivation 
for healthier lifestyle habits, are cast aside in favor of more utilitarian devices, such as the now ubiquitous cellular phone. 
[0005] There is a need for integration of mobile communications and health promoting devices, such as body fat 
monitoring devices. The present invention addresses this and other needs, and provides additional features and ad- 

25 vantages over conventional implementations and techniques. 

[0006] The present invention is directed to a system and method for measuring a parameter of body fat using body 
fat monitoring circuitry embodied in a portable device or structure. In one embodiment, body fat monitoring circuitry is 
provided with a mobile communications device, such as a mobile terminal. In another embodiment, body fat monitoring 
circuitry is incorporated as part of a portable cover, such as a cover for a mobile terminal or other portable electronic 

so or communications device. Other physiological parameters can also be measured, such as parameters associated 
with fat mass, total body water, dehydration, body fluid, and body fluid balance, for example. 
[0007] According to one embodiment, a mobile terminal device of the present invention includes a housing supporting 
a display, a processor, and a user interface for facilitating user interaction with the mobile terminal device. The mobile 
terminal device further includes body fat monitoring circuitry comprising a tactile interface supported by one or both of 

35 the housing and a cover of the housing. The monitoring circuitry communicates monitoring signals to a portion of a 
user's body via the tactile interface. The monitoring signals produced by the monitoring circuitry are typically sinusoidal 
current or voltage signals or square wave current or voltage signals. 

[0008] The processor computes a parameter associated with the user's body fat in response to the communication 
of the monitoring signals into the user's body tissue. In particular, the processor computes a resistance to the commu- 
40 nication of the monitoring signals and computes the user's body fat parameter using the computed resistance. 

[0009] The tactile interface includes a number of electrodes, such as four electrodes, supported by one or both of 
the housing and housing cover. In one arrangement, the electrodes are supported by a common surface, such as the 
cover of the housing. In another arrangement, the electrodes are supported by two or more surfaces of the housing 
and/or housing cover. 

45 [0010] According to a further arrangement, the user interface of the mobile terminal device includes a keypad, and 
some or all of the electrodes are integrated into one or more keys of the keypad. The mobile terminal device is preferably 
capable of over-the-air (OTA) communication with a network, and can further include circuitry for accessing one or 
more network services associated with user fitness or health. 

[001 1 ] In accordance with another embodiment, a mobile terminal device of the type described above further includes 
50 an acceleration sensor. A processor, according to this embodiment, computes a parameter associated with the user's 
body fat in response to the communication of body fat monitoring signals into the body and uses an acceleration signal 
produced by the acceleration sensor to compute a parameter associated with walking or running by the user. 
[0012] The acceleration signal can constitute a counter signal indicative of a number of steps taken by the user. The 
parameter associated with walking or running by the user can include a distance traveled by the user, calories consumed 
55 by the user during walking or running, average speed or average steps per minute. 

[0013] According to a further embodiment, a method of using a mobile terminal device for facilitating wireless com- 
munication and body fat monitoring involves providing a mobile terminal device having body fat monitoring circuitry. 
The body fat monitoring circuitry includes a number of electrodes for contacting portions of a user's hands. Monitoring 
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signals are transmitted between a first pair of the electrodes when in contact with the user's hands. A resistance is 
detected between a second pair of the electrodes in response to transmission of the monitoring signals. A parameter 
associated with the user's body fat Is computed using the detected resistance. 

[001 4] In one measuring arrangement, the first pair of electrodes are situated on the mobile terminal device to contact 

5 a distal portion of a palm of each of the user's hands, and the second pair of electrodes are situated on the mobile 
terminal device to contact a proximal portion of the palm of each of the user's hands. In another measuring arrangement, 
the first pair of electrodes are situated on the mobile terminal device to contact an index finger of each of the user's 
hands, and the second pair of electrodes are situated on the mobile terminal device to contact a thumb of each of the 
user's hands. In a further measuring arrangement, the first pair of electrodes are situated on the mobile terminal device 

10 to contact a middle finger of each of the user's hands, and the second pair of electrodes are situated on the mobile 
terminal device to contact an index finger of each of the user's hands. 

[0015] in accordance with another embodiment, the mobile terminal device further includes an acceleration sensor, 
and the body fat monitoring method further involves computing a parameter associated with walking or running by the 
user by use of an acceleration signal produced by the acceleration sensor. 

15 [0016] The body fat parameter can constitute percent body fat, and the method can further involve wirelessly com- 
municating the percent body fat of the user and the parameter associated with walking or running to a remote data 
system. The method can further involve receiving a message concerning one or both of the user's percent body fat 
and a recommended walking or running regimen from the remote data system. The method can also involve commu- 
nicating with a network and accessing one or more mobile network services associated with user fitness or health. In 

20 another embodiment, electrical signals can be communicated between the mobile terminal device and a device external 
to the mobile terminal device via an electrical conductor coupled between at least some of the electrodes and the 
external device. 

[0017] According to yet another embodiment, a portable cover of the present invention includes a processor and 
physiological conditions monitoring circuitry. An interface couples the processor with the monitoring circuitry. The phys- 
25 iological conditions monitoring circuitry includes a tactile interface supported by one or more surfaces of the cover. The 
monitoring circuitry communicates monitoring signals to a portion of a user's body via the tactile interface. The processor 
computes a parameter associated with a user's physiological con ditions in response to communication of the monitoring 
signals. 

[0018] The parameter computed by the processor is preferably associated with the user's body fat. The tactile inter- 
ne face typically includes a plurality of electrodes. The monitoring circuitry can further include one or more accelerometers. 
A device interface is preferably configured to communicatively couple the processor of the portable cover with a mobile 
communications device. 

[0019] The above summary of the present invention is not intended to describe each embodiment or every imple- 
mentation of the present invention. Advantages and attainments, together with a more complete understanding of the 
35 invention, will become apparent and appreciated by referring to the following detailed description and claims taken in 
conjunction with the accompanying drawings. 

Figure 1 illustrates a system for measuring one or more body fat parameters incorporated as part of a mobile 
communications device, such as a mobile terminal, in accordance with an embodiment of the present invention; 
40 Figure 2A illustrates body fat monitoring circuitry of a mobile communications device implemented to perform body 

fat percentage measurements using a four point probe technique in accordance with an embodiment of the present 
invention; 

Figure 2B is a schematic of body fat monitoring circuitry which employs square wave monitoring signals in accord- 
ance with an embodiment of the present invention; 
45 Figure 2C is a schematic of body fat monitoring circuitry which employs sinusoidal monitoring signals in accordance 

with an embodiment of the present invention; 

Figure 2D is a schematic of body fat monitoring circuitry which employs an acceleration sensor to provide for a 

number of pedometer functions in accordance with an embodiment of the present invention. 

Figure 3A shows a mobile terminal which incorporates body fat monitoring circuitry, including a number of elec- 

6 trades provided on a cover and sides of a mobile terminal, in accordance with an embodiment of the present 
invention; 

Figure 3B shows a mobile terminal which incorporates body fat monitoring circuitry, including a number of probe 
electrodes provided on opposing sides of a mobile terminal, in accordance with an embodiment of the present 
invention; 

55 Figure 4 illustrates a measurement configuration according to an embodiment of the present invention in which a 

body fat measurement is accomplished by injection and detection of monitoring signals communicated between 
electrodes disposed on a cover of a mobile terminal and a user's body via the user's hands; 
Figure 5 illustrates a measurement configuration according to a further embodiment of the present invention in 
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which a body fat measurement is accomplished by injection and detection of monitoring signals communicated 
between electrodes disposed on a cover and sides of a mobile terminal and a user's body via the user's fingers 
and thumbs; 

Figure 6 illustrates a measurement configuration according to another embodiment of the present invention in 
5 which a body fat measurement is accomplished by injection and detection of monitoring signals communicated 

between electrodes disposed on a cover of a mobile terminal and a user's body via the user's fingers and thumbs; 
and 

Figure 7 illustrates a system for facilitating user access to, and interaction with, a variety of network services via 
a mobile terminal device incorporating or otherwise communicatively coupled to physiological conditions monitoring 
10 circuitry according to an embodiment of the present invention. 

[0020] While the invention is amenable to various modifications and alternative forms, specifics thereof have been 
shown by way of example in the drawings and will be described in detail. It is to be understood, however, that the 
intention is not to limit the invention to the particular embodiments described. On the contrary, the intention is to cover 
15 all modifications, equivalents, and alternatives falling within the scope of the invention as defined by the appended 
claims. 

[0021] In the following description of the illustrated embodiments, reference is made to the accompanying drawings 
which form a part hereof, and in which is shown by way of illustration, various embodiments in which the invention may 
be practiced. It is to be understood that the embodiments may be utilized and structural changes may be made without 

20 departing from the scope of the present invention. 

[0022] The present invention is directed to systems and methods that provide for mobile communication capabilities 
and measurement of one or more body fat parameters. According to an embodiment of the present invention, a mobile 
communications device, such as a mobile terminal or node, incorporates body fat monitoring circuitry that allows for 
easy, convenient non-invasive measuring of one or more body fat parameters, such as percent body fat, for example. 

25 Incorporating body fat monitoring circuitry within a mobile terminal allows for increased body fat measuring capabilities, 
and reduced cost, when compared to stand-alone body fat measuring systems, owing to the exploitation of the process- 
ing, memory, user interface, and display capabilities already built into the mobile terminal. 

[0023] Further, the inherent mobile communication capabilities of the mobile terminal provide for enhanced function- 
ality, such as storage of body fat parameters and related data in a user accessible fitness profile on a network server, 

30 which can be accomplished in real-time. Fitness recommendations and associated health information developed in 
response to the user's stored body fat parameters can be communicated from the network server to the user via the 
mobile terminal or other network access device, such as a WEB terminal device. By way of example, selected exercise 
regimens and diet options can be communicated to the user in response to body fat information transmitted from the 
mobile terminal to the network server. Other enhanced capabilities are realizable by combining the fat monitoring and 

35 mobile communication capabilities in accordance with the present invention. 

[0024] Turning now to Figure 1, there is illustrated a system 100 for measuring one or more body fat parameters 
incorporated as part of a hand-held mobile, wireless communications device, such as a mobile terminal, in accordance 
with an embodiment of the present invention. The system 1 00 utilizes existing components of the mobile terminal in 
combination with body fat monitoring circuitry 11 0. In certain configurations in which pedometer functionality is provided, 

to the system 100 includes an acceleration sensor 114 which is coupled to the processor 1 02. The acceleration sensor 
114 can alternatively be incorporated as part of the body fat monitoring circuitry 110. 

[0025] A processor 1 02 of the mobile terminal is coupled to the body fat monitoring circuitry 11 0. A user interface 
104 is coupled to the processor 1 02 which permits user interaction with the mobile terminal in a conventional manner. 
Also coupled to the processor 102 is a display 106 and telecommunications circuitry 108. The telecommunications 
45 circuitry 108 provides for communication between the mobile terminal and a radio network 116, such as a 2G or 3G 
network, it is noted that the network 1 1 6 can be representative of an IP or Mobil IP network, such as an IPv4, IPv6, or 
hybrid IPv4/IPv6 network for example. 

[0026] As is further shown in Figure 1 , the body fat monitoring circuitry 11 0 is coupled to a tactile interface 112. The 
tactile interface 1 1 2 can be implemented in a variety of configurations for contacting the user's body in order to perform 

50 body fat monitoring. The tactile interface 1 1 2 can include , for example, a number of electrodes which provide for physical 
and electrical coupling between portions of the user's anatomy and the body fat monitoring circuitry 1 1 0 of the mobile 
terminal. In other configurations, optical sensing devices (e.g., optical pulse oximeters, optical or photonic blood chem- 
istry sensors), blood pressure sensors, and body temperature sensors, for example, may be incorporated into the 
tactile interface 112, exclusive of, or in addition to, an array of electrodes. 

55 [0027] In accordance with the non-limiting embodiments described in the instant disclosure, the tactile interface 112 
will be described as including a number of source and detection electrodes which provide for electrical connectivity 
between the user and the mobile terminal when performing body fat measurements. It is understood that the tactile 
interface 112 can be implemented using other components, technologies, and physiological sensing methodologies, 
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and that physiological parameters in addition to body fat parameters can be acquired by the tactile interface 112. 
[0028] Referring now to Figure 2A, there is illustrated body fat monitoring circuitry of a mobile communications device 
implemented to perform body fat percentage measurements using a four point probe technique in accordance with an 
embodiment of the present invention. The body fat monitoring circuitry 200 of Figure 2A is depicted as being in physical 

5 contact with a portion 202 of a user's anatomy. According to a four point probe technique, two electrodes 204 serve 
as source electrodes and two electrodes 206 serve as detection electrodes. In general terms, body fat is determined 
by measuring the resistance 203 of the body to an injected monitoring signal using a four point probe technique. 
[0029] The body fat monitoring circuitry 200 includes a monitoring signal generator 208, which is typically a current 
or voltage source that provides a constant current or voltage monitoring signal. The monitor signal generator 208 is 

w coupled to the two source electrodes 204. It can be appreciated that the battery of the mobile terminal provides the 
requisite power to the body fat monitoring circuitry 200. The body fat monitoring circuitry 200 further includes a voltage 
detector 210 which is coupled between the two detection electrodes 206. The voltage detector 210 typically receives 
an input reference signal from the monitoring signal generator 208. 

[0030] The monitoring signal generator 208 preferably generates an AC drive current signal. The drive current signal 
is can be a sinusoidal signal or a square wave. The frequency of the drive current signal is preferably about 50 kHz or 
greater. It is noted that the frequency of the drive current signal can be varied and that body fat measurements can be 
made at each of a number of different frequencies. The drive current signal preferably has an amperage less than 
about 1 mA, and more preferably between about 0.3 mA and about 0.8 mA. 

[0031] In normal operation, a monitoring signal generated by the monitoring signal generator 208 is injected into the 
20 user's body via the source electrodes 204. A current field is produced between the source electrodes 204 in response 
to propagation of the monitoring signal into the user's body tissue. The detection electrodes 206 are situated such that 
the current field is detectable. A sense voltage is developed between the detection electrodes 206 and measured by 
the voltage detector 210. 

[0032] An impedance, Z^, is derivable using the sense voltage and source current amperage. The derived imped- 

25 ance value is reflective of a biological resistance and reactance (i.e., bioimpedance, Z^) measurable between the 
detection electrodes 206 in response to the monitoring signals injected into biological tissue by the source electrodes 
204. Resistance accounts for more than 95% of the biological impedance value. As such, the biological resistance 
component of the bioimpedance is preferably used to derive body fat parameters, which results in a simplified design 
with very good accuracy. In general, a larger detected resistance 203 is indicative of a greater amount of body fat. 

30 [0033] Figure 2B is a schematic of body fat monitoring circuitry which employs square wave monitoring signals in 
accordance with an embodiment of the present invention. In Figure 2B, elements B1 , B2, B3, and B4 represent elec- 
trodes (B1 and B4 are source electrodes, B2 and B3 are detection electrodes in this configuration), R^ represents 
contact resistance, R x1 and R^ represent bioresistances in the hand, and R bjo represents the bioresistance that is 
measured and indicative of body fat. 

35 [0034] According to this embodiment, a timer 224, under control of a microcontroller 222, generates a square wave 
drive signal, which is connected to the source or drive electrode B4 via a buffer amplifier 226 and resistor R acfl . Timer 
224 generates a square wave drive signal (l bl0 ) having a frequency of about 50 kHz or greater. Resistor R adj can be 
used to set the amperage ranging between about 0.4 mA and about 0.8 mA. The square wave generator is preferably 
configured as a constant current source. 

40 [0035] Voltages V 3 , V 2 , and V 1 represent voltages developed at the respective outputs of instrument amplifiers A3, 
A2 f and A1 in response to injection of the monitoring signal into the user's hands. Voltages V 3 , V 2 , and V t are input to 
respective analog-to-digital converters ADC3, ADC2, and ADC1 . The respective digital voltage signals corresponding 
to analog voltages V 3 , V 2 , and V 1 are input to the microcontroller 222. The microcontroller 222, or the processor of the 
mobile terminal, can compute the bioresistance, R^, using the following equation: 

45 

M bio ~ 777 " M raf w L'J 

'bio M 

50 where, V bjo represents the voltage drop between detection electrodes B3 and B2, R ref represents the reference resist- 
ance, and l bto represents the drive current passing through the body from the hands via the source electrodes B4 and 
B1 . The value of l bjo can be determined by measuring the voltage across the resistor Rref. It can be seen from Equation 
[1] above that employment of a four point probe technique advantageously eliminates the contact resistance, R^, 
from the body fat measurement. It Is noted that various circuit components shown in Figure 2B can be integrated as 

55 part of the microcontroller 222, such as the timer 224, amplifier 226, instrument amplifiers A1-A3, and A/D converters 
ADC1-ADC3. 

[0036] Figure 2C is a schematic of body fat monitoring circuitry, which employs sinusoidal monitoring signals in 
accordance with another embodiment of the present invention. According to this implementation, a sinusoidal drive 
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signal is generated at the output of a digital-to-analog converter (DAC) 254 under control of a microcontroller 252. The 
drive current signal, l bto , preferably has a frequency of at least 50 kHz and an amperage ranging between about 0.4 
mA and about 0.8 mA. 

[0037] The drive current signal produced at the output of DAC 254 is applied to an input of an instrument amplifier 
s 256. Feedback is added to insure thatthe drive current, l blo , is kept substantially constant at a predetermined amperage, 
such as at about 0.6 mA. The circuitry shown in Figure 2C operates in the manner described above with regard to the 
circuitry of Figure 2B in response to the application of a sinusoidal drive current, l bjo . The bioresistance, R bl0 , can be 
computed using Equation [1] above. 

[0038] Figure 2D is a schematic of body fat monitoring circuitry which employs an acceleration sensor to provide for 

10 a number of pedometer functions in accordance with an embodiment of the present invention. According to this em- 
bodiment, the body fat measuring circuitry 288 can be implemented in accordance with the circuitry of Figures 2B and 
2C. A microcontroller 282 includes at least three A/D converter ports 291 , 292, 293, to which voltages V1 , V2, V3 are 
respectively applied. The value of can be computed by microcontroller 282 in a manner described previously. 
[0039] In addition to providing a body fat measuring capability, the embodiment shown in Figure 2D includes an 

15 acceleration sensor 284 which is coupled to the microcontroller 282. An output of the acceleration sensor 284 is pref- 
erably coupled to a counter 286, which is primarily employed to count steps taken by the user during walking or running. 
Inclusion of one or more acceleration sensors 284 provides a number of pedometer functions, including step counting, 
distance computations, and caloric consumption calculations. By entering the user's stride length and weight into mem- 
ory, the microcontroller 282 can calculate and display, via the mobile terminal's display, various statistics of interest, 

20 including total distance traveled, total calories burned, speed, elapsed time, and steps per minute. 

[0040] A heart rate monitor can also be incorporated using an appropriate heart rate sensor coupled to the micro- 
controller 282. Various log functions can also be employed, by which the mobile terminal keeps records of the user's 
steps and/or distance on a per-walk and/or daily basis. The user, for example, can record daily distance or step totals 
in a particular log, and a number of different logs can be established to correspond to a number of different walking 

25 routes, for example. 

[0041] In general, the acceleration sensor 284 can be implemented to detect user movement along the vertical axis 
(z-axis). When a person walks, there is z-axis movement of the body with each step. One approach to measuring 
distance walked by a person is to use this z-axis movement to determine how many steps have been taken, and then 
multiply the number of steps taken by the average stride length. The average stride length can, for example, be input 
30 to the microcontroller 282 via the user interface of the mobile terminal. 

[0042] An algorithm for step counting that can be implemented by microcontroller 282 uses some manner of peak 
detection. Generally, sampling can be performed at a frequency of 1 0 to 20Hz and then averaged down to 2 to 3Hz to 
remove noise. The step detection routine then looks for a change in slope of the z-axis acceleration. These changes 
in slope indicate a step. 

35 [0043] A more accurate approach to measuring distance walked by a person using step counting is to only look for 
the change in slope at appropriate times. Stride frequency tends to change no more than +/- 15% per step during 
steady state walking. Detecting the peak of the acceleration sensor output signal only during a time window as predicted 
by the last few steps results in more accurate step counting. 

[0044] Turning now to Figure 3A, there is shown a mobile terminal 300 which Incorporates body fat monitoring cir- 
40 cuitry, and which may include an acceleration sensor, in accordance with an embodiment of the present invention. 
According to this embodiment, a cover 302 of the mobile terminal 300 incorporates a number of electrodes 306. The 
electrodes 306 are shown mounted flush with the outer surface of the cover 302. 

[0045] Depending on mobile terminal size and shape, the cover 302 may also include electrodes 307 mounted along 
one or more edges of the cover 302, as is also shown in Figure 3A. It is understood that the electrodes 306/307 can 

45 alternatively be mounted on the housing 305 of the mobile terminal 300 or on both the housing 305 and the cover 302. 
[0046] The cover 302 includes electrical contacts (not shown) that connect with corresponding electrical contacts 
on the housing 305 when the cover 302 is situated on the housing 305 for use in body fat monitoring. According to 
another configuration, the electrodes 305/307 can also be used as electrical connectors for connecting to equipment 
external to the mobile terminal. 

50 [0047] It will be appreciated that a mobile terminal 300 may include electrodes mounted on the cover 302 only, to 
both the cover 302 and one or both sides of the housing 305, or to both the top of cover 302 and one or both sides of 
the cover 302. It is noted that the four cover electrodes 306 can alternatively be mounted to the back of the mobile 
terminal housing, in which case the functional cover need not be used. 

[0048] In accordance with a four point probe technique employing a mobile terminal 300, the functional cover 302 
55 includes four electrodes 306, shown as electrodes B1 , B2, B3, and B4. In the embodiment shown in Figure 3B, the 
mobile terminal 350 is shown without a cover and includes four electrodes 354 mounted on opposing sides of the 
mobile terminal's housing 352. In this embodiment, afunctional cover that incorporates electrodes, such as that shown 
in Figure 3A, is not employed. The four electrodes mounted on opposing sides of the housing in Figure 3B are identified 
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as electrodes A1 , A2, A3, and A4. 

[0049] The location of electrodes B1-B4 and A1-A4 on the mobile terminal cover and/or housing is important for 
purposes of understanding the various body fat measuring techniques described below and in connection with Figures 
4-6. Figure 4 illustrates one particular four point probe method that utilizes four electrodes, B1-B4, mounted on a 
5 functional cover 400 of a mobile terminal. Figure 4 illustrates a user grasping the mobile terminal such that electrodes 
B3 and B4 contact the palm of the user's left hand 402 and electrodes B2 and B1 contact the palm of the user's right 
hand 404. Although shown in Figure 4, the side mounted electrodes are not needed for performing the instant body 
fat measuring technique depicted in Figure 4. 

[0050] According to this measuring technique, a monitoring signal source vector employs electrodes B4 and B1 , and 

10 a monitoring signal detection vector employs electrodes B3 and B2. A monitoring signal, preferably in the form of an 
AC drive current, is injected into the user's left palm via the B4 electrode, propagates through the body, and returns to 
the mobile terminal cover 400 via the B1 electrode. The B4 electrode, body, and B1 electrode thus define the l bto source 
current path for this measuring method. The values of V bjo , developed between the B3 and B2 electrodes, l^, and 
R bio can be computed using Equation [1] above. 

15 [0051] Figure 5 illustrates a four point probe technique employing a mobile terminal in accordance with another 
embodiment of the present invention. According to this embodiment, two cover electrodes, B4 and B1, and two side 
electrodes, A1 and A2, are employed. The two side electrodes, A1 and A2, are preferably mounted to an edge of the 
cover 500 of the mobile terminal, but may alternatively be mounted to the side of the mobile terminal's housing. As is 
shown in Figure 5, a user grasps the mobile terminal such that the user's index finger of the left hand 502 contacts 

20 electrode A1 , and the user's index finger of the right hand 504 contacts electrode A2. The mobile terminal is grasped 
such that the user's left thumb contacts electrode B4, and the user's right thumb contacts electrode B1 . 
[0052] According to this measuring technique, a monitoring signal source vector employs electrodes A1 and A2, and 
a monitoring signal detection vector employs electrodes B4 and B1 . A monitoring signal, l bl0 , is injected into the user's 
left thumb via the A1 electrode, propagates through the body, and returns to the mobile terminal cover 500 via the A2 

25 electrode. The values of V bj0 , developed between the B4 and B1 electrodes, ^ and R bk) can be computed using 
Equation [1] above. 

[0053] Figure 6 illustrates a four point probe technique employing a mobile terminal in accordance with yet another 
embodiment of the present invention. According to this embodiment, four cover electrodes, B1 -B4, are employed. As 
is shown in Figure 6, a user grasps the mobile terminal such that the user's index finger of the left hand 602 contacts 

so electrode B4, and the user's index finger of the right hand 604 contacts electrode B1 . The mobile terminal is grasped 
such that the user's left thumb contacts electrode B3, and the user's right thumb contacts electrode B2. 
[0054] According to this measuring technique, a monitoring signal source vector employs electrodes B4 and B1 , and 
a monitoring signal detection vector employs electrodes B3 and B2. A monitoring signal, l bio , is injected into the user's 
left index finger via the B4 electrode, propagates through the body, and returns to the mobile terminal cover 600 via 

35 the B1 electrode. The values of V bl0 , developed between the B3 and B2 electrodes, l bl0 , and R bl0 can be computed 
using Equation [1] above. 

[0055] Various other monitoring signal source and detection vectors can be employed. For example, a monitoring 
signal source vector can employ electrodes B4 and B1 in contact with left and right middle fingers, with a monitoring 
signal detection vector employing electrodes B3 and B2 in contact with the left and right index fingers. In accordance 

40 with another arrangement, a monitoring signal source vector can employ electrodes A4 and A3 in contact with left and 
right index fingers, with a monitoring signal detection vector employing electrodes A1 and A2 in contact with the left 
and right thumbs. It has been found that increasing the size of the side electrodes A1-A4 can improve measuring 
results. Those skilled in the art will appreciate that optimizing the monitoring signal source and detection vectors will 
be dependent on a number of factors, including housing/cover size and shape and electrode size and shape, among 

45 other factors. 

[0056] In accordance with one approach for computing body fat percentage, the body fat monitoring circuitry of the 
present invention uses an equation that can be derived from a known formula referred to as Lukaski's and Bolonchuk's 
formula (see Lukaski & Bolonchuk, Aviation, Space and Environmental Medicine, 59, pp. 11 63-11 69 (1988)). According 
to this approach, total body water (TBW), which is a measure of all of the water in a user, both intracellular and extra- 
50 cellular, is computed as: 

TBW= 0,372(S 2 /R) + 3.05(Sex) + 0.142(W) - 0.069(Age) [2] 

55 where, S represents stature in centimeters, R represents bioresistance in ohms, W represents body weight in kilograms, 
Sex equals 1 for males, 0 for females, and Age represents the age of the user in years. 
[0057] Using total body weight, the fat free mass (FFM) of the user, in kilograms, can be computed as: 
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FFM = 



TBW 
0.73 



[0058] Fat free mass (FFM) yields fat mass (FM), in kilograms, as follows: 

FM = Weight - FFM 



[3] 
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[0059] Percent body fat of the user can then be calculated using the following equation: 

%Fat = TaT^t-. x 100 

Weight 



[5] 



[0060] An equation derived from Lukaski's and Bolonchuk's formula, as characterized in Equations [2] through [5] 
above, is of particular use when performing body fat measurements with body fat monitoring circuitry implemented 
with a mobile terminal. Because a mobile terminal is held by users in a particular way, there is additional resistance 
from the users' fingers. Equation [6] below is derived from Lukaski's and Bolonchuk's formula by linearizing the 1/R 
term and adding a term proportional to the stature of the user squared, as follows: 



w WWW 



[6] 



where, FP represents fat percentage of the user, S represents stature in centimeters, R represents measured biore- 
sistance in ohms, W represents weight of the user in kilograms, and N represents age of the user in years. It is noted 
that in Equation [6], N can range between 18 and 80. 

[0061] The values of parameters A through F vary as a function of gender depending on various properties of meas- 
urement geometry. By way of non-limiting example, the following values of parameters A through F may be used for 
particular measurement geometries: 

TABLE 1 



Parameter 


Males 


Females 


A 


2.1 78x1 0- 4 


1.1 85x1 0* 4 


B 


-0.3710 


-0.3121 


C 


30.80 


25.92 


D 


27.26 


0.5282 


E 


6.565x1 0- 4 


9.21 0x1 0" 4 


F 


64.20 


70.09 



It is noted that Equation 6 or one similar to Equation [6] or to Lukaski's and Bolonchuk's equation can be used to 
determine the fat percentage of persons younger than 1 8 years by suitable alteration of parameters A-F. 
[0062] As was previously discussed, the inherent mobile communication capabilities of the mobile terminal device 
in combination with physiological conditions monitoring circuitry provide for enhanced functionality and user interaction 
with various health and diet related services available via a mobile network. For example, and with reference to Figure 
7, physiological conditions monitoring circuitry is supported by a portable cover 700, which is preferably a cover of a 
mobile terminal or other portable communications device, such as a cover that contacts an upper surface of the device. 
In another configuration, physiological conditions monitoring circuitry is supported by a housing of the mobile terminal 
or other portable communications, device. In a further configuration, physiological conditions monitoring circuitry is 
supported by each of a housing and a cover of the mobile terminal or other portable communications device. 
[0063] In accordance with a further embodiment of the present invention, a variety of portable covers are changeably 
useable with a mobile terminal device (e.g., cellular phone). Each cover can incorporate electronic circuitry and, if 
applicable, sensors for providing various functionality. For example, a particular cover can incorporate body fat moni- 
toring circuitry as described above. Various sports and gaming related covers, for example, can incorporate circuitry 
and functionality that facilitates enhanced user interaction with a mobile terminal device and network services. 
[0064] According to one illustrative configuration of the system depicted in Figure 7, for example, a sports related 
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cover 700 Incorporates a number of skin contact electrodes 712 and one or more accelerometers 710 that provide for 
various physiological conditions monitoring (e.g., body fat, heart rate, blood pressure) and various pedometer functions 
as previously discussed. The cover 700 further incorporates a microprocessor 706, such as an ultra low power con- 
sumption microprocessor. A flash memory 708 or other non-volatile memory is coupled to the microprocessor 706. An 

5 interface (not shown) couples the mircoprocessor 700 with the electrodes 71 2 and accelerometers 71 0. 

[0065] A device interface 704 communicatively couples the microprocessor 706 of the cover 700 with the mobile 
terminal, which is shown to include a phone engine 702. The phone engine 702 can be implemented to support a Java 
virtual machine ( VM) 720, which can receive various types of Applets from a server 740 via a network 730. For example, 
the server 740 can download information in the form of various fitness, health, diet, and cooking Applets to the phone 

10 engine 702 of the mobile terminal device via the network 730. As shown in Figure 7, the network 730 can be a GPRS 
wireless mobile telephone network of a type well known in the art, although other mobile networks such as UMTS can 
be used in accordance with the invention. 

[0066] The server 740 can support a wide variety of user services. For example, the server 740 can support appli- 
cations and content for facilitating user access to, and interaction with, different virtual communities associated with 

'5 each of the available services. A user, for example, can compare his or her diet with other members of a given com- 
munity. Tips and experience with weight loss can be shared as between the user and members of a given community. 
Questions and answers can be exchanged with a personal trainer or diet expert on a group or individual basis. Exercise 
routines, effectiveness information, and activity level information can similarly be shared as between the user and 
members of a given community. Different services can thus be established to provide for user interaction with various 

20 target groups of users. 

[0067] The foregoing description of the various embodiments of the invention has been presented for the purposes 
of illustration and description. It is not intended to be exhaustive or to limit the invention to the precise form disclosed. 
Many modifications and variations are possible in light of the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but rather by the claims appended hereto. 

25 

Claims 

1 . A mobile terminal device, comprising: 

30 

a housing supporting a display; 
a processor; 

a user interface for facilitating user interaction with the mobile terminal device; and 
body fat monitoring circuitry comprising a tactile interface supported by one or both of the housing or a housing 
35 cover, the monitoring circuitry communicating monitoring signals to a portion of a user's body via the tactile 

interface, the processor computing a parameter associated with the user's body fat in response to the com- 
munication of the monitoring signals. 

2. The device of claim 1 , wherein the processorcomputes a resistance to the communication of the monitoring signals 
40 and computes the user's body fat parameter using the computed resistance. 

3. The device of claim 1 or 2, wherein the body fat parameter comprises percent body fat. 

4. The device of claim 1 or 2, wherein the body fat parameter comprises one or both of fat mass and total body water. 

45 

5. The device of any preceding claim, wherein the tactile interface comprises a plurality of electrodes supported by 
one or both of the housing and housing cover. 

6. The device of any one of claims 1 to 4, wherein the tactile interface comprises a plurality of electrodes supported 
so by a common surface of the housing of the housing cover. 

7. The device of any one of claims 1 to 4, wherein the tactile interface comprises a plurality of electrodes supported 
by two or more surfaces of the housing or housing cover. 

55 8. The device of any preceding claim, wherein the monitoring signals produced by the monitoring circuitry comprise 
sinusoidal current or voltage signals. 

9. The device of any one of claims 1 to 7, wherein the monitoring signals produced by the monitoring circuitry comprise 



9 



EP 1 374 766 A1 

square wave current or voltage signals. 

10. The device of any preceding claim, wherein the monitoring signals produced by the monitoring circuitry comprise 
a current or voltage signal having a frequency of about 50 kHz or greater. 

5 

11. The device any preceding claim, wherein the monitoring signals produced by the monitoring circuitry comprise a 
current signal having an amperage less than about 1 mA. 

12. The device of any preceding claim, wherein the monitoring circuitry maintains the monitoring signals at a substan- 
10 tially constant amperage or voltage. 

13. The device of any preceding claim, wherein the user interface facilitates input of user information, the user infor- 
mation comprising one or more of gender, body weight, age, and height of the user, the processor using the user 
information to compute the parameter associated with the user's body fat. 

14. The device of any preceding claim, wherein the tactile interface comprises a plurality of electrodes for communi- 
cating the monitoring signals to and from the portion of the user's body, at least some of the electrodes further 
communicating electrical signals between the processor and a device external to the mobile terminal device via 
an electrical conductor coupled between the at least some of the electrodes and the external device. 

15. The device of any preceding claim, wherein the mobile terminal device comprises circuitry for communicating with 
a network and accessing one or more network services associated with user fitness or health. 

16. The device of any preceding claim including an acceleration sensor; the processor using an acceleration signal 
produced by the acceleration sensor to compute a parameter associated with walking or running by the user. 

17. The device of claim 1 6, wherein the acceleration signal comprises a counter signal indicative of a number of steps 
taken by the user. 

30 18. The device of claim 1 6 or 1 7, wherein the parameter associated with walking or running by the user comprises a 
distance traveled by the user. 

19. The device of claim 1 6, 1 7 or 1 8, wherein the parameter associated with walking or running by the user comprises 
calories consumed by the user during walking or running. 

35 

20. The device of claim 16, wherein the parameter associated with walking or running by the user comprises average 
speed or average steps per minute, 

21. The device of any one of claims 16 to 20, wherein the user interface facilitates input of user information, the user 
40 information comprising one or more of gender, body weight, age, height, and stride length of the user, the processor 

using the user information to compute the respective parameters associated with the user's body fat and walking 
or running by the user. 

22. The device of any preceding claim, wherein the user interface comprises a keypad and the tactile interface com- 
45 prises a plurality of electrodes, further wherein some or all of the plurality of electrodes are integrated into one or 

more keys of the keypad. 

23. A method of using a mobile terminal device for facilitating wireless communication and body fat monitoring, com- 
prising: 

50 

providing the mobile terminal device having body fat monitoring circuitry, the body fat monitoring circuitry com- 
prising a plurality of electrodes for contacting portions of a user's hands; 

transmitting monitoring signals between a first pair of the electrodes when in contact with the user's hands; 
detecting, in response to transmission of the monitoring signals, a resistance between a second pair of the 
55 electrodes; and 

computing a parameter associated with the user's body fat using the detected resistance. 

24. The method of claim 23, wherein the first pair of electrodes are situated on the mobile terminal device to contact 
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a distal portion of a palm of each of the user's hands, and the second pair of electrodes are situated on the mobile 
terminal device to contact a proximal portion of the palm of each of the user's hands. 

25. The method of claim 23, wherein the first pair of electrodes are situated on the mobile terminal device to contact 
5 an index finger of each of the user's hands, and the second pair of electrodes are situated on the mobile terminal 

device to contact a thumb of each of the user's hands. 

26. The method of claim 23, wherein the first pair of electrodes are situated on the mobile terminal device to contact 
a middle finger of each of the user's hands, and the second pair of electrodes are situated on the mobile terminal 

io device to contact an index finger of each of the user's hands. 

27. The method of any one of claims 23 to 26, wherein the body fat parameter comprises percent body fat, and the 
method further comprises wirelessly communicating the percent body fat of the user to a remote data system and 
receiving a message concerning the user's percent body fat from the remote data system. 

15 

28. The method of any one of claims 23 to 27, further comprising communicating with a network and accessing one 
or more mobile network services associated with user fitness or health. 

29. The method of any one of claims 23 to 28, further comprising communicating electrical signals between the mobile 
20 terminal device and a device external to the mobile terminal device via an electrical conductor coupled between 

at least some of the electrodes and the external device. 

30. The method of any one of claims 23 to 29, wherein the mobile terminal device further comprises an acceleration 
sensor, the method further comprising computing a parameter associated with walking or running by the user using 

25 an acceleration signal produced by the acceleration sensor 

31. The method of any one of claims 23 to 30, further comprising receiving user information, the user information 
comprising one or more of gender body weight, age, height, and stride length of the user, the method further 
comprising computing the respective parameters associated with the user's body fat and walking or running by 

30 the user using the user information. 

32. The method of any one of claims 23 to 31 , wherein the body fat parameter comprises percent body fat, and the 
method further comprises wirelessly communicating the percent body fat of the user and the parameter associated 
with walking or running to a remote data system, and receiving a message concerning one or both of the user's 

35 percent body fat and a recommended walking or running regimen from the remote data system. 

33. A portable cover, comprising: 
a processor; 

physiological conditions monitoring circuitry comprising a tactile interface supported by one or more surfaces 
of the cover, the monitoring circuitry communicating monitoring signals to a portion of a user's body via the 
tactile interface, the processor computing a parameter associated with a user's physiological conditions in 
response to communication of the monitoring signals; and 
an interface for coupling the processor with the monitoring circuitry. 

34. The cover of claim 33, wherein the parameter computed by the processor is associated with the user's body fat. 

35. The cover of claim 33 or 34, wherein the tactile interface comprises a plurality of electrodes. 

50 36. The cover of claim 33, 34 or 35, wherein the monitoring circuitry further comprises one or more accelerometers. 

37. The cover of anyone of claims 33 to 36, further comprising a device interface configured to communicatively couple 
the processor of the portable cover to a mobile communications device. 

55 38. Mobile wireless telecommunications apparatus (1 00) characterised by a physiological monitoring sensor config- 
uration and associated circuitry (102, 110, 112, 114) for monitoring a physiological condition of a user. 

39. Apparatus according to claim 38 wherein the sensor configuration and circuitry is operable to monitor body fat. 
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40. Apparatus according to claim 38 or 39 wherein the sensor configuration includes an accelerometer (114). 
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